First-principles total-energy pseudopotential calculations are carried out for Si, Ge, zinc-blendestructure SiGe, (Si2)~/(Ge2)~superlattices in various layer orientations G and with various choices of substrate lattice parameter a"and for the Sio,Geo, random alloy. A subset of the results is used to construct an energy model, incorporating both strain (via 
work has demonstrated how the choice of (i) superlattice-layer orientation G, (ii) superlattice repeat period 4p, and (iii) substrate lattice parameter a, sensitively affect the electronic properties: (i) and (ii) decide the number and symmetries of folded states, and (iii) controls strain-induced level shifts and splittings. Little is known. ' '" ' however, about the way in which Cx, p, and a, affect the thermodynamic stability of these binary SL's. While these parameters (along with growth conditions, surface steps, substrate misorientation, and surface reconstruction) can clearly affect growth kinetics and surface thermodynamics, we address here the complementary question of the relative bulk thermodynamic stabilities of already-grown binary SL's, e.g. , short versus long, (001) versus (110) In addition to the formation enthalpies of the ordered SL s, an analysis of thermodynamic stability requires the mixing enthalpy of the random Si"Ge& "alloy. We calculate the enthalpy of formation of a random alloy via the "special-quasirandom-structure" (SQS) concept. The basic idea is that within a relatively small supercell with X atomic sites, we select the set of occupations by Si and Ge that most closely mimics the short-range radial correlation functions of a perfectly random infinite alloy. This is done by determining the multisite correlation functions of each possible structure within a given N, and choosing the structure with the best match to those of a random alloy. For the Si05Ge05 alloy, we use an eightatom SQS, shown in Fig. 1 However, using their analogous results for relaxed structures the maximum error jumps to nearly 2.2 meV/atom, for the same structure-interaction combination. In order to reduce the error to a level comparable to that for the unrelaxed structures, one needs to include up to seventh-nearestneighbor pairs (J2 7) (requiring six structures as input and leaving only five to serve as the measure of convergence). Thus we see that the cluster expansion of AE, h, has a convergence rate comparable to that of the cluster expansion for total formation enthalpies of unrelaxed structures, which is considerably faster than that for relaxed structures.
Note that the analysis of EE, h, given by Koiller and Robbins, ' based on (nearest-neighbor) "bond energies" alone, is equivalent to retaining just the single term J2 & in the cluster expansion. ' We find that considerable improvement is afForded by the inclusion of the J2 2 term. Nevertheless, the rough proportionality of AE, h, (Table   VII) consider some other types of (001) interfaces with SiGe in order to look for other possibilities for stabilization of particle SiGe phases.
Our model system consists of a sequence of (001)-oriented (Si4)~/(Si2Gez)~SL s, with the SiGe layers in the RH1 (p =1), RH2 (p =1), and (001) Table X , from which we note the following.
In each case there are two (pairs of) variants (denoted "a" and "b"), depending on the orientation of the SiGe structure relative to the Si layer. The a variants can be characterized as having uniform (3 Si and 1 Ge) coordination of the Si atoms at the Si side of the interface, and mixed coordination (half of the atoms coordinated by 4 Si and half coordinated by 2 Si and 2 Ge) of the Si and arise from symmetry breaking of the SiGe structures caused by the presence of Si/SiGe interfaces and are described in the text.
The curve labeled "phase-separated" has maximally phaseseparated (along [001])SiGe alternating with Si.
near the interface), the strain energy per atom of the SiGe layer alone is essentially twice that shown in Fig. 4 
